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1
VOLTAGE DIVIDING DEVICEL

FIELD

The present imnvention relates to a voltage dividing device
used for detecting high voltage.

BACKGROUND

A voltage dividing device 1s used for detecting a voltage
value of voltage output from a high-voltage source, or a
source ol generation of a high voltage. The voltage dividing
device 1s a device that divides voltage output from the
high-voltage source, and the voltages obtained by the divi-
sion by the voltage dividing device 1s used for detection of
a voltage value.

The voltage dividing device include a resistive voltage
dividing board that uses resistors to divide voltage output
from a high-voltage source. A plurality of resistors and a
plurality of capacitors are arranged on the resistive voltage
dividing board. A voltage detecting device described in
Patent Literature 1 includes a first resistor at a position of a
first side of a triangle, a second resistor at a position of a
second side of the triangle, and a capacitor at a position of
a third side of the trniangle. This arrangement makes a
resistive voltage dividing board smaller in size.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-open
No. $63-215970

SUMMARY
Technical Problem

The technology of Patent Literature 1, which downsizes
the resistive voltage dividing board, does not allows for
downsizing resistive voltage dividing boards arranged to
divide a high voltage. In the case where a plurality of
resistive voltage dividing boards are arranged, stray capaci-
tances occur between the resistive voltage dividing boards.
A voltage higher than a designed value may be applied to the
resistive voltage dividing boards because of imbalance in
stray capacitance and thus break the components when a
transient voltage change occurs. Such imbalance 1 stray
capacitance thus needs to be reduced. Because the distances
between the resistive voltage dividing boards need to be
long 1n view of insulation design in order to reduce the stray
capacitances between the resistive voltage dividing boards,
the technology of Patent Literature 1 1s disadvantageous in
that the device configuration becomes large when a plurality
of resistive voltage dividing boards are arranged.

The present invention has been made i view of the
above, and an object thereof 1s to provide a voltage dividing
device even having a plurality of resistive voltage dividing
boards arranged with a small device configuration capable of
achieving voltage division.

Solution to Problem

To solve the above problems and achieve the object, the
present invention provides a voltage dividing device for
dividing a voltage output from a voltage source, the voltage
dividing device comprising a plurality of resistive voltage
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2

dividing boards each being a plate-like board having a first
face, the board having a plurality of conductor patterns
arranged on the first face, the conductor patterns being
connected 1n series with one another through capacitors and
resistors connected 1n parallel on the first face. The resistive
voltage dividing boards are connected in series with one
another through conductive members, and adjacent ones of
the resistive voltage dividing boards are arranged such that
a second face of one of the adjacent resistive voltage
dividing boards and a first face of the other resistive voltage
dividing board face each other, and that the conductor
patterns arranged on a first face of the one resistive voltage
dividing board are disposed oppositely from the conductor
patterns arranged on the first face of the other resistive
voltage dividing board with the other resistive voltage
dividing board disposed therebetween.

Advantageous Effects of Invention

The present invention produces an eflect of enabling
voltage division by providing a small device configuration
even having a plurality of resistive voltage dividing boards
arranged.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram 1illustrating a configuration of a
voltage detection system including a voltage dividing device
according to a first embodiment.

FIG. 2 1s a diagram 1illustrating a configuration of resistive
voltage dividing boards included in the voltage dividing
device according to the first embodiment.

FIG. 3 1s a diagram 1illustrating an equivalent circuit of the
resistive voltage dividing board illustrated in FIG. 2.

FIG. 4 1s a diagram for explaining a capacitance of a
capacitor.

FIG. 5 1s a diagram for explaining an implementation
structure of the voltage dividing device according to the first
embodiment.

FIG. 6 1s a diagram for explaining another example of
implementation of the resistive voltage dividing boards
according to the first embodiment.

FIG. 7 1s a diagram for explaining an 1deal circuit in the
case where the resistive voltage dividing boards included 1n
the voltage dividing device according to the first embodi-
ment are connected in series with one another.

FIG. 8 15 a diagram for explaining an actual circuit 1n the
case where the resistive voltage dividing boards included 1n
the voltage dividing device according to the first embodi-
ment are connected 1n series with one another.

FIG. 9 1s a diagram for explaining a stray capacitance
occurring between resistive voltage dividing boards 1llus-
trated in FIG. 8.

FIG. 10 1s a chart illustrating a result of simulation
analysis of stray capacitances 1n the voltage dividing device
according to the first embodiment.

FIG. 11 1s a chart illustrating a result of simulation
analysis 1n a case where stray capacitances between boards
differ {from one another.

FIG. 12 1s a diagram 1illustrating a configuration of resis-
tive voltage dividing boards included 1n a voltage dividing
device according to a second embodiment.

FIG. 13 1s a diagram for explaining a stray capacitance
occurring between resistive voltage dividing boards
included 1n the voltage dividing device according to the
second embodiment.
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FIG. 14 1s a diagram illustrating another example of a
configuration of the resistive voltage dividing boards
included 1n the voltage dividing device according to the
second embodiment.

FIG. 15 1s a diagram illustrating another example of a
configuration of resistive voltage dividing boards included
in the voltage dividing device according to the first embodi-
ment.

FIG. 16 1s a diagram for explaining the relation between
the thickness of resistive voltage dividing boards and a
discharge reducing eflect.

FIG. 17 1s a diagram for explaining a capacitance occur-
ring between resistive voltage dividing boards included 1n a
voltage dividing device according to a third embodiment.

FIG. 18 1s a perspective view of a configuration of the
voltage dividing device having the resistive voltage dividing,
boards 1llustrated in FIG. 5, the boards standing 1n juxtapo-
sitiom.

FIG. 19 1s a front view of the voltage dividing device
illustrated in FIG. 18.

FIG. 20 1s a top view of the configuration of the voltage
dividing device 1llustrated 1in FIG. 18.

FIG. 21 1s a diagram 1llustrating a configuration of a
resistive voltage dividing board illustrated in FIG. 18.

FIG. 22 1s a diagram illustrating threaded portions of a
connection terminal included 1n the voltage dividing device
illustrated in FIG. 18.

FI1G. 23 1s a diagram 1llustrating a configuration of a cap
nut included 1n the voltage dividing device illustrated in

FIG. 18.

DESCRIPTION OF EMBODIMENTS

Embodiments of a voltage dividing device according to
the present invention will be described in detail below with
reference to the drawings. Note that the present invention 1s
not limited to the embodiments.

First Embodiment

FIG. 1 1s a diagram 1illustrating a configuration of a
voltage detection system including a voltage dividing device
according to a first embodiment. The voltage detection
system 100 1ncludes a high-voltage source (voltage source)
1, a voltage dividing device (high-voltage dividing device)
3, and a sensing resistor 4. The high-voltage source 1 1s a
source ol generation of high voltage. The voltage dividing
device 3 divides high voltage generated by the high-voltage
source 1. The sensing resistor 4 detects voltage for control-
ling the high-voltage source 1.

In the voltage detection system 100, the high-voltage
source 1, the voltage dividing device 3, and the sensing
resistor 4 are connected 1n series with one another. One end
of the high-voltage source 1 1s connected to one end of the
voltage dividing device 3 via a connection point a. The
opposite end of the voltage dividing device 3 1s connected to
one end of the sensing resistor 4 via a connection point b.
The opposite end of the sensing resistor 4 1s connected to the
opposite end of the high-voltage source 1. A connection wire
interconnecting the opposite end of the sensing resistor 4
and the opposite end of the high-voltage source 1 1is
grounded

The high-voltage source 1 1s a device that supplies high
voltage to a load (which 1s not illustrated). The high-voltage
source 1 controls a process of outputting voltage to the load
on the basis of a voltage value detected by using the voltage
dividing device 3 and the sensing resistor 4.
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The voltage dividing device 3 includes a plurality of
resistive voltage dividing boards for dividing voltage. While
the description below 1s made as to the voltage dividing
device 3 including four resistive voltage dividing boards 2A
to 2D, the number of resistive voltage dividing boards
included 1n the voltage dividing device 3 may be any number
equal to or larger than two.

In the voltage dividing device 3, the resistive voltage
dividing boards 2A to 2D are connected 1n series with one
another. Specifically, the connection point a 1s connected to
one end of the resistive voltage dividing board 2A. The
opposite end of the resistive voltage dividing board 2A 1s
connected to one end of the resistive voltage dividing board
2B. The opposite end of the resistive voltage dividing board
2B 1s connected to one end of the resistive voltage dividing
board 2C. The opposite end of the resistive voltage dividing
board 2C 1s connected to one end of the resistive voltage
dividing board 2D. The opposite end of the resistive voltage
dividing board 2D 1s connected to the connection point b.

Examples of the circuit system of the high-voltage source
1 include a boosting system using a transformer and a
voltage doubler circuit system applied to a Cockcroft-
Walton circuit or the like, and either of the circuit systems
may be applied to the high-voltage source 1 of the present
embodiment.

For example, assume that the high-voltage source 1
outputs a high voltage of 60 kV, and the sensing resistor 4
needs to detect 5 V. In this case, on the basis of the approach
of resistive voltage division, the sensing resistor 4 needs to
have 5 k€2, and the voltage dividing device 3 needs to have
a combined resistance of 60 MEL2. Because the voltage
dividing device 3 includes four resistive voltage dividing
boards 2A to 2D, the voltage 1s divided into about 15 kV per
cach of the resistive voltage dividing boards 2A to 2D. While
60 kV will be used 1n calculation and explanation below for
describing electrical connections in the present embodiment,
60 kV 1s merely an example, and there 1s no upper limit and
lower limait of the applicable voltage range.

Because the voltage dividing device 3 may be located at
any position near the high-voltage source 1, the voltage
dividing device 3 can be placed above, beneath, or on a
lateral side face of the high-voltage source 1. In addition, the
voltage dividing device 3 has no restrictions on fixing, and
may thus be fixed 1n any direction at any angle. In the case
where the voltage dividing device 3 1s fixed near the
high-voltage source 1, the voltage dividing device 3 may be
fixed by a structure electrically having 0 V or an electrically
floating structure.

FIG. 2 1s a diagram illustrating a configuration of the
resistive voltage dividing boards included in the voltage
dividing device according to the first embodiment. FIG. 3 1s
a diagram 1llustrating an equivalent circuit of the resistive
voltage dividing board illustrated 1n FIG. 2. Because the
resistive voltage dividing boards 2A to 2D have configura-
tions similar to each other, the configuration of the resistive
voltage dividing board 2A will be described hereinbelow.
FIG. 2 illustrates a configuration of a front face 5, and a
configuration of a back or rear face 6. The front face 1s a first
face of the resistive voltage dividing board 2A, and the rear
face 6 15 a second face of the resistive voltage dividing board
2A. Note that the front face 5 1s 1illustrated with hatched
areas.

In the first embodiment, the resistive voltage dividing
boards 2A to 2D are single-sided boards each having copper
patterns 7. The copper patterns 7, which are an example of
conductor patterns, are arranged only on the front face 5. A
plurality of copper patterns 7 1s regularly arranged all over
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the front face S of the resistive voltage dividing board 2A in
as large an area as possible with respect to the surface area
of the front face 5. In the present embodiment, the copper
patterns 7 that are regularly arranged all over the front face
5 1n as large an area as possible are important, which copper
patterns 7 generate stray capacitances with little error.

On the front face 5 of the resistive voltage dividing board
2A, a plurality of (five, for example) rectangular copper
patterns 7 are connected 1n series with one another along the
longitudinal direction of the resistive voltage dividing board
2A. In addition, on the front face 5 of the resistive voltage
dividing board 2A, chip capacitors C1 to C4, which are an
example of capacitors, and chip resistors R1 to R4, which
are an example of resistors, are arranged between the copper
patterns 7.

Note that, 1n the description below, the chip capacitors C1
to C4 1ncluded 1n the voltage dividing device 3 may each be
referred to as a chip capacitor C0 when the chip capacitors
C1 to C4 need not be individually 1dentified. In addition, the
chip resistors R1 to R4 included in the voltage dividing
device 3 may each be referred to as a chip resistor RO when
the chip resistors R1 to R4 need not be individually 1denti-
fied.

The chip resistor R1 and the chip capacitor C1 are
arranged between a first copper pattern 7 and a second
copper pattern 7 such that the chip resistor R1 and the chip
capacitor C1 interconnect the first copper pattern 7 and the
second copper pattern 7. The chip resistor R1 and the chip
capacitor C1 are connected 1n parallel to each other between
the first copper pattern 7 and the second copper pattern 7.

The chip resistor R2 and the chip capacitor C2 are
arranged between the second copper pattern 7 and a third
copper pattern 7 such that the chip resistor R2 and the chip
capacitor C2 interconnect the second copper pattern 7 and
the third copper pattern 7. The chip resistor R2 and the chip
capacitor C2 are connected in parallel to each other between
the second copper pattern 7 and the third copper pattern 7.

The chip resistor R3 and the chip capacitor C3 are
arranged between the third copper pattern 7 and a fourth
copper pattern 7 such that the chip resistor R3 and the chip
capacitor C3 interconnect the third copper pattern 7 and the
tourth copper pattern 7. The chip resistor R3 and the chip
capacitor C3 are connected 1n parallel to each other between
the third copper pattern 7 and the fourth copper pattern 7.

The chip resistor R4 and the chip capacitor C4 are
arranged between the fourth copper pattern 7 and a fifth
copper pattern 7 such that the chip resistor R4 and the chip
capacitor C4 interconnect the fourth copper pattern 7 and the
fifth copper pattern 7. The chip resistor R4 and the chip
capacitor C4 are connected 1n parallel to each other between
the fourth copper pattern 7 and the fifth copper pattern 7.

As 1s discussed above, the copper patterns 7 are connected
in series with each other via the chip capacitors C0 and the
chip resistors R0 connected 1n parallel to each other on the
front face 5 of the resistive voltage dividing board 2A. While
the present embodiment 1s described giving four chip resis-
tors R1 to R4 connected 1n series with each other and four
chip capacitors C1 to C4 connected 1n series with each other
for convenience of explanation, the number of series-con-
nected chip resistors and the number of series-connected
chip capacitors are not limited 1n the design of the resistive
voltage dividing board 2A.

The distance between adjacent copper patterns 7 on the
front face 5 of the resistive voltage dividing board 2A
depend on the sizes of the chip capacitor C0 and the chip
resistor R0 that are arranged on the board 2A. For example,
when the chip capacitor C0 and the chip resistor R0 each
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have a size of 1.6 mmx0.8 mm (size 1608), the distance
between adjacent copper patterns 7 can be 1.0 mm. On the
front face 5 of the resistive voltage dividing board 2A, the
chip capacitor CO and the chip resistor R0 are placed, and the
copper patterns 7 that are as large as possible with respect to
the surface area of the front face 5 are then placed. For
example, the gap between the upper side of the front face 5
and the upper sides of the copper patterns 7 1s close to 0, and
the gap between the lower side of the front face 5 and the
lower sides of the copper patterns 7 1s close to 0. In addition,
the gap between the left side of the front face 5 and the left
side of the leftmost one of the copper patterns 7 1s close to
0, and the gap between the right side of the front face S and
the right side of the rightmost one of the copper patterns 7
1s close to 0.

Note that, because the resistive voltage dividing boards
2A to 2D are single-sided boards, none of copper patterns 7,
chip capacitors C0, and chip resistors R0 are arranged on the
rear faces 6 of the resistive voltage dividing boards 2A to
2D.

A capacitance Cc [F] of a capacitor will now be described.
FIG. 4 1s a diagram for explaining the capacitance. FI1G. 4
illustrates a configuration of a capacitor to be arranged 1n the
chip capacitors CO or the like. A capac1t0r arranged 1n the
chip capacitors CO or the like has a pair of two electrodes
(parallel plates) 10 holding a dielectric of a permittivity ¢
therebetween.

The permittivity € [F/m] 1s e=¢,-€,, where €, represents
permittivity 1n vacuum and €, represents the relative permit-
tivity of an individual substance. When the capacitance of
the capacitor 1s Cc [F], the surface area of the electrodes 10
is S [mm?], the distance between the electrodes 10 is d
[mm], and the permittivity € 1s € [F/m], a formula Cc=¢-(S/d)
[F] 1s satisfied. This formula shows that, when the permit-
tivity € [F/m] 1s constant, the capacitance Cc [F] 1s larger as
the surface area S [mm~] is larger, and the capacitance Cc [F]
1s larger as the distance d [mm] between the electrodes 10 1s
smaller. In addition, because the Capacﬂance Cc [F] can be
any value when the surface area S [mm~] and the distance d
[mm] between the electrodes 10 can be appropnately set, the
capacitance Cc [F] can be set as mtended even when the
distance d [mm] 1s large.

FIG. § 1s a diagram for explaming an implementation
structure of the voltage dividing device according to the first
embodiment. The resistive voltage dividing boards 2A to 2D
of the voltage dividing device 3 are connected 1n series with
one another through connecting members 11 containing a
conductive member. The method for interconnecting the
resistive voltage dividing boards 2A to 2D may use any
member that can electrically interconnect the resistive volt-
age dividing boards 2A to 2D. For example, wiring materials
such as cable or metal conductors can be used for the
connection between the resistive voltage dividing boards 2A
to 2D.

The resistive voltage dividing boards 2A to 2D have
plate-like shapes 1dentical to one another. The front face 5
and the rear face 6 of each of the resistive voltage dividing
boards 2A to 2D have rectangular shapes. The resistive
voltage dividing boards 2A to 2D have their side faces
including longitudinally extending side faces and laterally
extending side faces. The resistive voltage dividing boards
2A to 2D stand in juxtaposition with the longitudinally
extending side faces defining bottoms of the boards and the
laterally extending side faces disposed in parallel in a
vertical direction. The resistive voltage dividing boards 2A
to 2D stand 1n juxtaposition such that the resistive voltage
dividing boards 2A to 2D are in the same positions in the
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in-plane direction thereof with the front faces 5 thereof
disposed in parallel to each other. That 1s to say, the resistive
voltage dividing boards 2A to 2D stand 1n juxtaposition such
that the resistive voltage dividing boards 2A to 2D are not
oflset from one another in the n-plane direction of the
resistive voltage dividing boards 2A to 2D.

Note that the atmosphere environment under which the
resistive voltage dividing boards 2A to 2D are arranged may
be air, but an environment filled with dry air, nitrogen or
hydrogen further produces an eflect of reducing error in
stray capacitances than that filled with air. Alternatively, an
atmosphere environment under which the resistive voltage
dividing boards 2A to 2D are arranged may be filled with
sulfur hexafluoride (SF6), which produces an effect of
reducing error in stray capacitances in a manner siumilar to
the case of dry arr.

FIG. 6 1s a diagram for explaining another example of
implementation of the resistive voltage dividing boards
according to the first embodiment. Note that, in FIG. 6, the
connecting members 11 are not illustrated. As illustrated 1n
FIG. 6, the resistive voltage dividing boards 2A to 2D may
be vertically stacked in layers. This case also produces an
ellect of reducing error 1n stray capacitances in a manner
similar to the case of FIG. 5 in which the resistive voltage
dividing boards 2A to 2D stand in juxtaposition. In the case
where the resistive voltage dividing boards 2A to 2D are
stacked 1n layers, the resistive voltage dividing boards 2A to
2D are supported by supporting members 45 or the like
interposed therebetween.

The resistive voltage dividing board 2A 1s disposed with
the rear face 6 of the resistive voltage dividing boards 2A
facing the front face 5 of the resistive voltage dividing board
2B with a distance d1 therebetween. The resistive voltage
dividing board 2B 1s disposed with the rear face 6 of the
resistive voltage dividing board 2B facing the front face 5 of
the resistive voltage dividing board 2C with a distance d2
therebetween. The resistive voltage dividing board 2C and
the resistive voltage dividing board 2D are disposed with the
rear face 6 of the resistive voltage dividing board 2C facing
the front face 5 of the resistive voltage dividing board 2D
with a distance d3 therebetween. That 1s to say, the resistive
voltage dividing boards are arranged so that the rear face 6
ol one resistive voltage dividing board and the front face 5
ol another resistive voltage dividing board face each other,
and that the copper patterns 7 arranged on the front face 5
of the one resistive voltage dividing board are disposed
oppositely from the copper patterns 7 arranged on the front
face 5 of the one resistive voltage dividing board with the
other resistive voltage dividing board disposed therebe-
tween.

Note that, 1n the description below, the resistive voltage
dividing boards 2A to 2D may be referred to as boards. Thus,
in the description below, “between the resistive voltage
dividing boards 2A to 2D, that 1s, “between the resistive
voltage dividing boards 2A and 2B”, “between the resistive
voltage dividing boards 2B and 2C”, and “between the
resistive voltage dividing boards 2C and 2D” may be
referred to as “between the boards™.

The resistive voltage dividing boards 2A to 2D of the
voltage dividing device 3 are arranged so that the distances
dl, d2, and d3 defined between the boards 2A and 2B,
between the boards 2B and 2C, and between the boards 2C
and 2d, respectively, are equal to one another. Thus, the
resistive voltage dividing boards 2A to 2D are fixed at the
same 1ntervals, using spacers made of resin or the like, and
wiring material are used for electrical connections between
the boards, for example. Alternatively, the resistive voltage
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dividing boards 2A to 2D may be fixed at the same intervals
with metal conductors alone, and electrically connected to
one another through the metal conductors. Because the
distances d1, d2, and d3 each defined between the adjacent
boards have influence on the capacitance Cc [F] as described
above, errors therein are preferably as small as possible,
which may be within £10%, for example.

A description will be made as to an 1deal circuit of the
voltage dividing device 3 with the resistive voltage dividing
boards 2A to 2D connected in series with one another. FIG.
7 1s a diagram for explaining an ideal circuit 1in the case
where the resistive voltage dividing boards included 1n the
voltage dividing device according to the first embodiment
are connected 1n series with one another. While an ideal
circuit 1s a circuit having no stray capacitances between the
boards, a practical circuit has stray capacitances occurring
between the boards.

The resistive voltage dividing board 2A includes chip
capacitors C1 to C4 and chip resistors R1 to R4, and the
resistive voltage dividing board 2B includes chip capacitors
C3 to C8 and chip resistors R5 to R8. The resistive voltage
dividing board 2C includes chip capacitors C9 to C12 and
chip resistors R9 to R12, and the resistive voltage dividing
board 2D includes chip capacitors C13 to C16 and chip
resistors R13 to R16. The chip capacitors C1 to C16 have
characteristics 1dentical to each other, and the chip resistors
R1 to R16 have characteristics 1dentical to each other.

In the voltage dividing device 3, a chip capacitor CN (N
1s a natural number from 1 to 16) and a chip resistor RN are
connected 1n parallel to each other. Assume that a combi-
nation of a chip capacitor CN and a chip resistor RN of the
voltage dividing device 3 is referred to as an element pair
XN. An element pair X1, an element pair X2, an element
pair X3, an element pair X4, an element pair X3, an element
pair X6, an element pair X7, an element pair X8, an element
pair X9, an element pair X10, an element pair X11, an
clement pair X12, an element pair X13, an element pair X14,
an element pair X135, and an element pair X16 are arranged
in this order with the element pairs X1 to X16 connected 1n
series with one another.

As described above, in the resistive voltage dividing
boards 2A to 2D, each of the chip capacitors C0 and the
corresponding one of the chip resistors R0 are connected 1n
parallel to each other, and the pairs of chip capacitor C0 and
chip resistor R0 are connected 1n series with one another.

The element pair X1 of the resistive voltage dividing
board 2A 1s connected to the connection point a. The element
pair X4 of the resistive voltage dividing board 2A and the
clement pair X5 of the resistive voltage dividing board 2B
are connected to each other via a connection point ¢. The
clement pair X8 of the resistive voltage dividing board 2B
and the element pair X9 of the resistive voltage dividing
board 2C are connected to each other via a connection point
d. The element pair X12 of the resistive voltage dividing
board 2C and the element pair X13 of the resistive voltage
dividing board 2D are connected to each other via a con-
nection point e. In addition, the element pair X16 of the
resistive voltage dividing board 2D 1s connected to the
connection point b.

In the voltage dividing device 3, the element pairs X1 to
X16 arranged on the resistive voltage dividing boards 2A to
2D are connected in series with one another. In the case of
the 1deal circuit, no stray capacitances occur between the
boards. In the 1deal circuit, thus, voltage applied between the
connection point a and the connection point b i1s equally
divided out between the individual pairs of chip capacitor
CO0 and chip resistor R0 (between the individual element
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pairs). When a voltage of 60 kV 1s applied between the
connection point a and the connection point b, a voltage of
3.75 kV 1s applied to each of the chip capacitors C0O and the
chip resistors R0. In the case of the ideal circuit, thus, only
the voltage of 3.75 kV needs to be considered in design of
the boards.

A voltage of 30 kV, which 1s a multiple of the number of
series-connected pairs of chip capacitors C0 and chip resis-
tors RO (1.e., eight times, 1n this case) arranged between the
connection points a-d, 1s applied between the connection
points a-d. Similarly, 30 kV 1s applied between the connec-
tion points d-b and between the connection points ¢-¢. In the
case of the 1deal circuit, thus, the implementation structure
may be designed on the assumption that a maximum of 30
kV 1s applied between the boards.

In a practical circuit of the voltage dividing device 3,
however, stray capacitances (stray capacitances Csl to Cs12
to be described later) are present between the boards. A
practical circuit of the voltage dividing device 3 in view of
the stray capacitances will be described. FIG. 8 1s a diagram
for explaiming an actual circuit in the case where the resistive
voltage dividing boards included in the voltage dividing
device according to the first embodiment are connected 1n
series with one another.

Unintended stray capacitances occur in the voltage divid-
ing device 3. A description will be made here as to stray
capacitances Cs1 to Cs12 present between the boards of the
voltage dividing device 3. The stray capacitances Csl to Cs4
are stray capacitances between the resistive voltage dividing
boards 2A and 2B, the stray capacitances Cs3 to Cs8 are
stray capacitances between the resistive voltage dividing
boards 2B and 2C, and the stray capacitances Cs9 to Cs12
are stray capacitances between the resistive voltage dividing
boards 2C and 2D.

The capacitance values [F] of the stray capacitances Csl
to Cs12 vary from stray capacitance to stray capacitance
unless the stray capacitances Cs1 to Cs12 are appropriately
controlled. Different capacitance values of the stray capaci-
tances Csl to Cs12 change the division ratio due to the stray
capacitances Csl to Csl2 between the boards when a
transient voltage change occurs. For this reason, a high
voltage higher than a designed value may be applied
between the connection points a-d, between the connection
points d-b, and between the connection points c-e, and the
voltage dividing device 3 may fail unless the stray capaci-
tances Csl to Cs12 are appropriately controlled. These stray
capacitances Csl to Cs12 are not structurally eliminated. All
of the stray capacitances Csl to Csl2 are therefore con-
trolled such that the stray capacitances Csl to Csl12 have
common values, thereby bringing the division ratio due to
the stray capacitances Csl to Csl12 between the boards,
closer to a given value. Note that, in the description below,
the stray capacitances Csl to Csl12 may be referred to as
stray capacitances CsX when the stray capacitances Csl to
Cs12 need not be distinguished from each other.

A description will be made as to the capacitance values
|F] of the stray capacitances Cs1 to Cs12 1n a case where the
resistive voltage dividing boards 2A to 2D, which are
single-sided boards, are mounted as 1llustrated 1n FIG. 5.

FIG. 9 1s a diagram for explaining stray capacitances
occurring between the resistive voltage dividing boards
illustrated 1n FIG. 8. Note that the capacitance values [F] of
the stray capacitances Csl to Cs12 can be calculated on the
basis of similar approaches, and the capacitance value [F] of

the stray capacitance Cs1 will thus be explained here.
FI1G. 9 1llustrates a first unit 40 that 1s part of the resistive
voltage dividing boards 2A and 2B. The first unit 40 1s
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located at a position where the stray capacitance Cs1 1llus-
trated 1n FIG. 8 occurs. In the present embodiment, as
illustrated in FI1G. 9, the capacitance Cx of a board matenal,
and the stray capacitance Csl between the resistive voltage
dividing boards 2A and 2B are connected 1n series with each
other to thereby provide the stray capacitance of the first unit
40. The capacitance Cx of the board material and the stray
capacitance Csl between the resistive voltage dividing
boards 2A and 2B in the implementation structure of the
present embodiment will now be explained. A glass com-
posite board (CEM-3), which 1s a typical board matenal, has
a relative permittivity ¢ of 4.7, and a glass epoxy board
(FR-4) has a relative permittivity €, o1 4.73. The capacitance
value [F] 1n a case where the board material 1s CEM-3 will
be herein explained.

Assume that the resistive voltage dividing boards 2A and
2B each have a thickness of 1.6 mm. In addition, assuming
that the surface area of the copper patterns 7 is S [mm~], the
capacitance Cx of the board matenal 1s C=¢, €, (S/d), that 1s,
2.94¢,S [F].

Next, the stray capacitance Cs1 between the boards will
be explained. In the implementation structure of the present
embodiment, assume that the distance between the boards 1s
from 10 mm to 20 mm and the environment under which the
voltage dividing device 3 1s located 1s an atmosphere with a
relative permittivity of € =1. In this case, the stray capaci-
tance Csl between the boards 1s 0.1e,S [F] when the
distance between the boards 1s 10 mm, and 0.05¢,S [F] when
the distance between the boards 1s 20 mm. In the case where
the stray capacitance of the first unit 40 1s provided by the
capacitance Cx of the board material and the stray capaci-
tance Csl between the boards, thus, only about a few % of
the whole voltage 1s applied to the capacitance Cx of the
board material 1n accordance with the theory of voltage
division of capacitors. The remaining voltage i1s therefore
applied to the stray capacitance Csl between the boards.
This means that in the present embodiment, the stray capaci-
tance of the first unit 40 depends on the stray capacitance
Csl between the boards.

Next, a result of simulation analysis of the stray capaci-
tances 1n the circuit 1llustrated i FIG. 8 will be explained.
FIG. 10 1s a chart illustrating a result of stmulation analysis
of the stray capacitances in the voltage dividing device
according to the first embodiment. FIG. 10 illustrates a result
of simulation analysis in a case where the stray capacitances
Csl to Cs12 between the boards are equal to one another.
FIG. 11 1s a chart illustrating a result of simulation analysis
in a case where the stray capacitances between boards difer
from one another.

A simulation condition used here i1s application of a
voltage of 60 kV and 100 Hz between the connection points
a-b 1llustrated in FIG. 8. Upper parts of FIGS. 10 and 11 each
illustrate a voltage wavelorm between the connection points
a-d illustrated m FIG. 8. Middle parts of FIGS. 10 and 11
cach illustrate a voltage wavelorm between the connection
points c-¢ 1llustrated 1n FIG. 8. Lower parts of FIGS. 10 and
11 each 1llustrate a voltage waveform between the connec-
tion points d-b illustrated in FIG. 8.

The voltage wavetorms illustrated 1n FIG. 10 are those 1n
the case where all of the stray capacitances Cs1 to Cs12 are
equal to one another as 1n the voltage dividing device 3 of
the present embodiment. As 1illustrated 1n FIG. 10, 1n the
case where all of the stray capacitances Csl to Cs12 are
equal to one another, 30 kV 1s evenly applied across every
adjacent boards. This 1s because errors 1n the stray capaci-
tances Cs1 to Cs12 have very small and substantially equal
values, and voltage division due to the stray capacitances
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Csl to Cs12 1s evenly made even on a transient voltage
change. Thus, 1n the present embodiment, 1n addition to even
voltage application across the boards, 3.75 kV resulting
from the division of the voltage applied to the boards is
applied to each of the chip capacitors CO0 and the chip
resistors R0 on the board. It 1s therefore possible to prevent
a Tailure of the voltage dividing device 3.

The voltage waveforms illustrated in FIG. 11 are those of
a voltage dividing device in a comparative example. In the
voltage dividing device of the comparative example, the
stray capacitances Csl to Cs4 between connection points a-d
are larger than the stray capacitances Cs5 to Cs12. In the
voltage dividing device of the comparative example, that 1s
to say, the stray capacitances Cs1 to Cs4 difler from the stray
capacitances Cs5 to Csl2.

As 1llustrated i FIG. 11, a maximum of 30 kV 1s applied
between the connection points a-d and between the connec-
tion points c-¢, and a maximum of 58 kV 1s applied between
the connection points d-b. This 1s a result of application of
a larger voltage to the stray capacitances CsX of smaller
capacitance values as the division ratio due to the stray
capacitances CsX changes because the different stray
capacitances CsX are connected 1n series with one another
in the voltage dividing device 3. In view of such a result, the
voltage dividing device of the comparative example needs to
be designed to provide an implementation structure that
withstands 58 kV. Assuming that a spatial insulation distance
1s 1 kV/mm, the implementation structure of the voltage
dividing device of the comparative example needs to have
the distance of 58 mm between the boards. In addition,
voltages higher than designed values are applied to the chip
capacitors C0 and the chip resistors R0 on the boards, which
1s a cause of damage of components.

Note that, in the simulation explained in FI1G. 11, only the
stray capacitances Csl to Cs4 between the connection points
a-d are changed for the purpose of making the simulation
casy to understand, which 1s merely an example of simula-
tion. In practical board design for the voltage dividing
device of the comparative example, the pattern design 1n
which the stray capacitances between boards have equal
values as 1n the present embodiment 1s not used.

In the voltage dividing device 3 of the present embodi-
ment, the single-sided boards, each of which includes evenly
arranged copper patterns 7 equivalent to the surface area S
[mm*] of the front face 5 thereof, are juxtaposed with the
equal distances dl1, d2, and d3 each defined between the
adjacent boards such that the boards are not offset from one
another 1 the plane direction. As a result, the voltage
dividing device 3 can be controlled so that the stray capaci-
tances CsX between the boards have equal values at all the
positions between the boards. Voltage can be thus evenly
divided between boards even during a transient voltage
change, which facilitates design of insulation distances
between boards and enables reduction in size of the voltage
dividing device 3. In other words, the smaller-sized voltage
dividing device 3 with suflicient insulation distances
between components can be achieved.

In addition, errors 1n mechanical dimensions of boards
occur 1n manufacture of the boards. Board having small
surface areas of copper patterns, 1.e., boards of the pattern
design not taking account of the surface area S [mm?] of the
front face 5 thereol widely varies in stray capacitance
because of the errors in the mechamical dimension. In
addition, the boards having the small surface areas of copper
patterns provide the small capacitance values of the stray
capacitances. In the case of boards with small surface areas
of copper patterns, thus, the capacitance values of the stray
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capacitances are such a very small value as a few pF.
Increasing the number of such boards having small surface
areas ol copper patterns in order to divide high voltage are
more likely to cause imbalance in stray capacitances. As a
result, the imbalance 1n voltage becomes large, thereby
making 1t dithicult to estimate voltages between the boards.

In the voltage dividing device 3 of the present embodi-
ment, the surface area of the copper patterns 7 1s as large as
possible with respect to the surface area S [mm~] of the front
face 5. For this reason, variation in the stray capacitances
CsX due to errors (manufacturing errors) in the dimensions
of the copper patterns 7 1s allowable.

A description will be made as to an example 1n which the
copper patterns each having a width of 2 mm overlie each
other. In a case where the position of a copper pattern on one
ol adjacent boards 1s shifted widthwise (laterally) by 1 mm
because of errors in the mechanical dimensions of the
boards, the width of the lateral overlapping portions of the
copper patterns having the width of 2 mm 1s 1 mm. In this
case, the stray capacitance between the copper patterns 1s
half the designed value. In a case where copper patterns each
having a width of 10 mm overlie each other with the position
of one of the copper patterns shifted widthwise by 1 mm, the
width of the lateral overlapping portions of the copper
patterns 1s 9 mm. In this case, the stray capacitance between
the copper patterns 1s 90% of the designed value. This means
that the larger the surface areas of the copper patterns are,
the more allowable the error (misalignment) 1n the dimen-
sions of the copper patterns 1s.

While the present embodiment has been described giving
a configuration that divides a voltage of 60 kV with the
series-connected the resistive voltage dividing boards 2A to
2D, the resistive voltage dividing boards 2A to 2D are
merely an example. Thus, the number of resistive voltage
dividing boards can be changed depending on a device to be
applied, voltage, or the like. For example, the number of
series-connected resistive voltage dividing boards may be
increased to divide a voltage higher than 60 kV, 1n which
case the resistive voltage dividing boards should also be
arranged at equal distances between the resistive voltage
dividing boards such that the resistive voltage dividing
boards are not offset from one another 1n the plane direction
thereof.

In the first embodiment, as described above, the resistive
voltage dividing boards 2A to 2D are connected 1n series
with one another through the connecting members 11, and
adjacent resistive voltage dividing boards are arranged 1n
parallel to each other such that the rear face 6 of one of the
adjacent resistive voltage dividing boards and the front face
5 of the other resistive voltage dividing board face each
other. Furthermore, the resistive voltage dividing boards 2A
to 2D are arranged at equal distances each of which 1s
defined between the rear face 6 of one of adjacent resistive
voltage dividing boards and the front face 5 of the other of
the adjacent resistive voltage dividing boards. As a result, all
the stray capacitances Cs1 to Cs12 can be controlled such
that the stray capacitances Csl to Cs12 have common
values, and the division ratio due to the stray capacitances
Csl to Cs12 between the boards can come close to a given
value. The voltage dividing device 3 having even a plurality
ol resistive voltage dividing boards arranged can thus pro-
vide a small device configuration capable of achieving the
voltage division.

In addition, each of the resistive voltage dividing boards
2A to 2D has the evenly arranged copper patterns 7 having
the substantially the same area as the surface area S [mm~]
of the front face 5 thereot. This improves the heat dissipation
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performance of the resistive voltage dividing boards 2A to
2D. In addition, the resistive voltage dividing boards 2A to

2D vertically stand in juxtaposition, which improves the air
flow and improves heat dissipation through natural convec-
tion. A rise 1n temperature of the resistive voltage dividing,
boards 2A to 2D can therefore be curbed even in an
environment under which the voltage dividing device 3 1s
installed 1 a sealed structure that cannot be forcibly air-
cooled or water-cooled.

Second Embodiment

Next, a second embodiment of the invention will be
described with reference to FIGS. 12 to 16. In the second
embodiment, resistive voltage dividing boards are double-
sided boards including copper patterns 7 arranged on both
taces thereof.

FIG. 12 1s a diagram 1llustrating a configuration of resis-
tive voltage dividing boards included 1n a voltage dividing
device according to the second embodiment. In the second
embodiment, a resistive voltage dividing board 20A, which
1S a double-sided board, 1s used instead of the resistive
voltage dividing board 2A that 1s a single-sided board. Note
that the voltage dividing device 3 according to the second
embodiment includes the other resistive voltage dividing
boards than the resistive voltage dividing board 20A that
have configurations similar to that of the resistive voltage
dividing board 20A.

The resistive voltage dividing board 20A 1s a double-sided
board including copper patterns 7 arranged on both faces
thereol. A front face 50 of the resistive voltage dividing
board 20A has a configuration similar to that of the front face
5 of the resistive voltage dividing board 2A. Specifically, a
plurality of copper patterns 7 regularly arranged on the front
tace 50 of the resistive voltage dividing board 20A has as
large an area as possible with respect to the surface area S
[mm~] of the front face 50. In addition, chip capacitors C1
to C4 and chip resistors R1 to R4 are arranged between the
copper patterns 7 on the front face 50 of the resistive voltage
dividing board 20A as in the front face 5 of the resistive
voltage dividing board 2A.

Copper patterns 7 are positioned on a rear face 60 of the
resistive voltage dividing board 20A 1n plane-symmetric
relation with those on the front face 50 of the resistive
voltage dividing board 20A. Specifically, the copper patterns
7 having the same shapes and the same sizes as those on the
front face 50 of the resistive voltage dividing board 20A are
arranged on the rear face 60 of the resistive voltage dividing
board 20A oppositely from the copper patterns 7 on the front
tace 50. The copper patterns 7 arranged on the rear face 60
are each electrically connected through a via (a via 17 as will
be described later) to one of the copper patterns 7 arranged
on the front face 50 1n the plane-symmetric relation thereto.
Specifically, the leftmost copper pattern 7 on the front face
50 and the leftmost copper pattern 7 on the rear face 60 are
connected to each other through a via 17. The second copper
pattern 7 from the left on the front face 50 and the second
copper pattern 7 from the left on the rear face 60 are
connected to each other through a via 17. In addition, the
rightmost copper pattern 7 on the front face 50 and the
rightmost copper pattern 7 on the rear face 60 are connected
to each other through a via 17. The second copper pattern 7
from the right on the front face 50 and the second copper
pattern 7 from the right on the rear face 60 are connected to
cach other through a via 17.

The mmplementation structure of the voltage dividing
device 3 according to the second embodiment 1s the same as
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that of the voltage dividing device 3 according to the first
embodiment illustrated in FI1G. 5, and the description thereof
will thus not be repeated. In a practical circuit of a total of
four series-connected resistive voltage dividing boards simi-
lar to the resistive voltage dividing board 20A, the stray
capacitances Csl to Cs12 are present between the boards as
in the circuit of the voltage dividing device 3 according to
the first embodiment illustrated 1n FIG. 8.

In the voltage dividing device 3 of the second embodi-
ment, the resistive voltage dividing board 20A is located at
the position of the resistive voltage dividing boards 2A, and
a resistive voltage dividing board 20B, which will be
described later, 1s located at the position of the resistive
voltage dividing board 2B. In addition, a resistive voltage
dividing board similar to the resistive voltage dividing board
20A 1s located at the position of the resistive voltage
dividing board 2C, and a resistive voltage dividing board
similar to the resistive voltage dividing board 20A 1s located
at the position of the resistive voltage dividing board 2D.

Because diflerent capacitance values of the stray capaci-
tances Cs1 to Cs12 may cause failure of the voltage dividing
device 3, as explamned in the first embodiment, the stray
capacitances Cs1 to Cs12 are also controlled so that all the
stray capacitances Csl to Cs12 have equal values 1n the
second embodiment as 1n the first embodiment. Note that an
equivalent circuit of the resistive voltage dividing board 20A
illustrated 1n FIG. 12 1s similar to those of the resistive
voltage dividing boards 2A to 2D illustrated 1in FIG. 2.

A description will be made as to the capacitance values
[F] of the stray capacitances Csl to Cs12 in a case where
four resistive voltage dividing boards, which are double-
sided boards, are mounted as illustrated in FIG. 5.

FIG. 13 1s a diagram for explaining a stray capacitance

occurring between the resistive voltage dividing boards
included 1n the voltage dividing device according to the
second embodiment. Note that the capacitance values [F] of
the stray capacitances Csl to Cs12 can be calculated on the
basis of stmilar approaches, and the capacitance value [F] of
the stray capacitance Csl1 will thus be explained here.
The resistive voltage dividing board 20A and 20B
included in the voltage dividing device 3 of the second
embodiment are connected 1n series with each other through
a connecting member 11 (which 1s not i1llustrated 1n FIG. 13).
The voltage dividing device 3 of the second embodiment
differs from the voltage dividing device 3 of the first
embodiment 1n that the type of board of the voltage dividing
device 3 of the second embodiment, which 1s a double-sided
board, has the copper patterns 7 arranged on both faces
thereol such that the copper patterns 7 on a front face 50 are
connected through the vias 17 to the copper patterns 7 on a
rear face 60.

Because this configuration has no capacitance Cx of the
board material, only the stray capacitances CsX between the
boards may be considered in the second embodiment. A
stray capacitance Cs100 between the boards illustrated 1n
FIG. 13 can be obtained by calculation similar to that for the
stray capacitance Csl between the boards in the first
embodiment. Specifically, assume that the distance between
the boards 1s from 10 mm to 20 mm and the environment
under which the voltage dividing device 3 1s located 1s an
atmosphere with a relative permittivity of € =1. In this case,
the stray capacitance Cs100 between the boards 1s 0.1g,S [F]
when the distance between the boards 1s 10 mm, and 0.05¢,S
[F'] when the distance between the boards 1s 20 mm.

Because double-sided boards are used in the voltage
dividing device 3 according to the second embodiment, as
described above, the implementation structure of the voltage
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dividing device 3 may be designed considering only the
stray capacitances CsX between the boards as the stray
capacitances 1n the voltage dividing device 3. As aresult, the
design of the implementation structure of the voltage divid-
ing device 3 1s facilitated as compared with the voltage
dividing device 3 of the first embodiment.

Because the copper patterns 7 regularly arranged on both
ol the front face 50 and the rear face 60 of each board 1n the
second embodiment have as large an area as possible with
respect to the surface area S [mm~] of the board, the surface
area of the copper patterns 7 1s twice that in the {first
embodiment. The heat dissipation performance of the boards
1s therefore improved as compared with that of the voltage
dividing device 3 of the first embodiment.

Furthermore, the corners of the copper patterns 7 that are
closest to the corners of the resistive voltage dividing boards
20A to 20D may be rounded off, so that the electric fields are
alleviated and discharge from the resistive voltage dividing
boards 20A to 20D 1s reduced.

FIG. 14 1s a diagram illustrating another example of a
configuration of resistive voltage dividing boards included
in a voltage dividing device according to the second embodi-
ment. Because the resistive voltage dividing boards 20A to
20D have configurations similar to each other, another
example of the configuration of the resistive voltage divid-
ing board 20A will be described here. As illustrated 1n FIG.
14, the corners of the copper patterns 7 that are closest to the
corners of the resistive voltage dividing board 20A are
rounded off to thereby alleviate the electric field, and reduce
discharge from the resistive voltage dividing board 20A.
Alternatively, the corners of all the copper patterns 7 of the
resistive voltage dividing board 20A may be rounded off.
Thus, the corners of all the copper patterns 7 of the resmtwe
voltage dividing boards 20A to 20D may be rounded of

In addition, the copper patterns 7 of single-sided boards
may be rounded ofl. In this case, the corners of the copper
patterns 7 that are closest to the comners of the resistive
voltage dividing boards ZA to 2D described in the first
embodiment are rounded ofl. FIG. 15 1s a diagram 1illustrat-
ing another example of a configuration of resistive voltage
dividing boards included in the voltage dividing device
according to the first embodiment. As 1llustrated in FIG. 15,
the corners of the copper patterns 7 that are closest to the
corners ol the resistive voltage dividing board 2A are
rounded ofl to thereby alleviate the electric field, and reduce
discharge from the resistive voltage dividing board 2A.
Alternatively, the corners of all the copper patterns 7 of the
resistive voltage dividing boards 2A to 2D may be rounded
off.

The eflect of reducing discharge by rounding ofl of the
corners ol the copper patterns 7 1s more significant in the
case of the resistive voltage dividing boards 20A to 20D,
which are double-sided boards than in the case of the
resistive voltage dividing boards 2A to 2D, which are
single-sided boards.

FIG. 16 1s a diagram for explaining the relation between
the thickness of the resistive voltage dividing boards and the
discharge reducing efiect. For example, assume that the
resistive voltage dividing boards 2A and 20A each have a
thickness of 1.6 mm, and the copper patterns 7 each have a
thickness of 35 um. In this case, the voltages across the
opposite copper patterns 7 on the front face and the rear face
of the resistive voltage dividing board 20A, which 15 a
double-sided board, are equal to each other. Thus, the
resistive voltage dividing board 20A, which can have the
same characteristics as that of a mass of conductor having a
thickness corresponding to the thickness of the resistive
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voltage dividing board 20A, increases the discharge reduc-
ing ellect. Specifically, while the resistive voltage dividing

board 2A has characteristics similar to those of a conductor
having a thickness W1=335 um, the resistive voltage dividing
board 20A has characteristics similar to those of a conductor
having a thickness W2=1.67 mm. The resistive voltage
dividing board 20A, which 1s a double-sided board, pro-
duces a more significant eflect of reducing discharge from

the board than that of the resistive voltage dividing board
2A, which 1s a single-sided board.

Third Embodiment

Next, a third embodiment of the present invention will be
described with reference to FIG. 17. In the third embodi-
ment, the resistive voltage dividing boards are double-sided
boards, and insulating sheets are stuck between the resistive
voltage dividing boards.

FIG. 17 1s a diagram for explaining a capacitance occur-
ring between the resistive voltage dividing boards included
in the voltage dividing device according to the third embodi-
ment. An implementation structure of the voltage dividing
device 3 in the third embodiment differs from the imple-
mentation structure of the voltage dividing device 3 1n the
second embodiment in that insulating sheets 15 are added
between the boards, and that the insulating sheets 15 and the
boards are in intimate contact with each other. Thus, 1n the
voltage dividing device 3 of the third embodiment, the
capacitance of the board material 1s not present, and only
capacitances Cs200 of the insulating sheets 15 are present.
In addition, because all the insulating sheets 15 between the
boards have the same thickness and the insulating sheets 15
and the boards are 1n intimate contact with each other, the
individual distances d1, d2, and d3 each defined between the
adjacent boards are equal to the thickness of the msulating
sheets 15. Note that the boards are connected 1n series with
one another through the connecting members 11 as 1n the
voltage dividing device 3 of the first embodiment.

In a practical actual circuit of a total of four series-
connected resistive voltage dividing boards similar to the
resistive voltage dividing board 20A, the stray capacitances
Cs1 to Cs12 are present between the boards as 1n the circuit
of the voltage dividing device 3 according to the first
embodiment 1llustrated 1n FIG. 8.

Because different capacitance values of the stray capaci-
tances Cs1 to Cs12 may cause failure of the voltage dividing
device 3, as explamned in the first embodiment, the stray
capacitances Cs1 to Cs12 are also controlled so that all the
stray capacitances Csl to Cs12 have equal values 1n the third
embodiment as in the first embodiment.

In the third embodiment, only the mnsulating sheets 15 are
present between the boards, and the relative permittivity €,
1s less likely to change depending upon the temperature or
the humidity, which facilitates controlling the stray capaci-
tances CsX such that the stray capacitances CsX have a
common value.

The capacitance Cs200 of an mnsulating sheet 15 will now
be explained. Products of the insulating sheet 15 vary in
thickness and relative permittivity ¢, depending on the
material thereof. For example, assuming that the insulating
sheet 15 has a thickness of 0.5 mm and a relative permittivity
e, of 3, the capacitance Cs200 of the insulating sheet 15 1s
6.0e,S [F].

As described above, according to the third embodiment,
the implementation structure of the voltage dividing device
3 may be designed considering only the capacitances Cs200
of the msulating sheets 15 as the capacitances 1in the voltage
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dividing device 3, which facilitates the design of the imple-
mentation structure of the voltage dividing device 3. In

addition, the voltage dividing device 3 of the third embodi-
ment performs insulation with the insulating sheets 15
having a relative permittivity €, higher than the relative
permittivity € =1. As a result, the distance between the
boards can be smaller than that in the voltage dividing
device 3 of the second embodiment, and the size of the
voltage dividing device 3 of the third embodiment can be
smaller than that of the voltage dividing device 3 of the
second embodiment.

Fourth Embodiment

Next, a fourth embodiment of the invention will be
described with reference to FIGS. 18 to 23. In the fourth
embodiment, a method of arranging the resistive voltage
dividing boards 2A to 2D to stand will be explained.

FIG. 18 1s a perspective view ol a configuration of the
voltage dividing device having the resistive voltage dividing
boards illustrated 1n FIG. 5, the boards standing in juxtapo-
sition. FI1G. 19 1s a front view of the voltage dividing device
illustrated 1n FIG. 18. FIG. 20 1s a top view of the configu-
ration of the voltage dividing device illustrated 1n FIG. 18.
FIG. 21 1s a diagram 1illustrating a configuration of a resistive
voltage dividing board illustrated i FIG. 18. FIG. 22 1s a
diagram 1illustrating a configuration of threaded portions of
a connection terminal included in the voltage dividing
device 1llustrated in FIG. 18, and FIG. 23 1s a diagram
illustrating a configuration of a cap nut included in the
voltage dividing device illustrated 1n FIG. 18.

In FIGS. 18, 20, and 21, two axes perpendicular to each
other within a plane parallel to the top faces of the resistive
voltage dividing boards 2A to 2D are referred to as an X axis
and a Y axis. In addition, an axis perpendicular to the X axis
and the Y axis will be referred to as a Z axis. The X-axis
direction 1s the longitudinal direction of the front faces of the
resistive voltage dividing boards 2A to 2D. The Z-axis
direction 1s the short direction of the front faces of the
resistive voltage dividing boards 2A to 2D. The Y-axis
direction 1s the thickness direction of the resistive voltage
dividing boards 2A to 2D. In FIG. 18, a vertical direction
parallel to the Z-axis direction 1s indicated by a top face
direction D1, and a direction parallel to the X-axis direction
1s 1indicated by a front face direction D2.

The voltage dividing device 3 includes the resistive
voltage dividing boards 2A to 2D, connection terminals 21,
cap nuts 22, and fixing rods 23. The connection terminals 21
are terminals for electrically interconnecting the resistive
voltage dividing boards 2A to 2D. The cap nuts 22 are nuts
for fixing the resistive voltage dividing boards 2A to 2D to
the connection terminals 21. The fixing rods 23 are rod
members for mechanically fixing the resistive voltage divid-
ing boards 2A to 2D.

As 1llustrated 1n FIG. 21, the resistive voltage dividing
board 2A has fixing rod holes 24 and conductive through-
holes 25a to 25d. The fixing rod holes 24 and the through-
holes 25a to 25d are each a hole extending from the front
face to the rear face through the resistive voltage dividing
board 2A. The fixing rod holes 24 and the through-holes 2354
to 254 are formed 1n opposite end portions 1n the longitu-
dinal direction of the front face of the resistive voltage
dividing board 2A.

Specifically, two through-holes 25q and 256 and one
fixing rod hole 24 are formed 1n one end portion in the
longitudinal direction of the front face of the resistive
voltage dividing board 2A, and two through-holes 25¢ and
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25d and one fixing rod hole 24 are formed 1n the other end
portion thereof. In the resistive voltage dividing boards 2B
to 2D as well, fixing rod holes 24 and through-holes 25a to
235d are Tormed at the same positions as found 1n the resistive
voltage dividing board 2A.

For example, the through-holes 25aq and 25¢ are at the
same coordinate in the Z-axis direction, and the through-
holes 256 and 25d are at the same coordinate 1n the Z-axis
direction. The coordinates of the through-holes 25a and 255
in the X-axis direction may be the same as or diflerent from
cach other. In addition, the coordinates of the through-holes
25¢ and 254 1n the X-axis direction may be the same as or
different from each other. FIG. 20 illustrates a case where the
coordinates of the through-holes 254 and 255 1n the X-axis
direction are different from each other, and the coordinates
ol the through-holes 25¢ and 254 1n the X-axis direction are
different from each other. FIG. 21 illustrates a case where the
through-holes 25a and 2556 are at the same coordinate 1n the
X-axis direction and the through-holes 25¢ and 2354 are at the
same coordinate 1n the X-axis direction.

The coordinates 1n the XZ plane, of the through-holes 254
to 25d of each of the resistive voltage dividing board 2B to
2C are the same as the coordinates 1n the X7 plane of the
through-holes 25a to 25d of the resistive voltage dividing
board 2A. Note that, 1n the description below, the through-
holes 25a to 254 may be referred to as through-holes 25
when the through-holes 254 to 254 need not be distinguished
from each other.

A fixing rod 23, which 1s inserted through the fixing rod
holes 24 of the resistive voltage dividing boards 2A to 2D,
extends through all the resistive voltage dividing boards 2A
to 2D, and has both ends fixed to another structure. When
any one of the resistive voltage dividing boards 2A to 2D 1s
referred to as one resistive voltage dividing board and a
resistive voltage dividing board adjacent to the one resistive
voltage dividing board i1s referred to as the other resistive
voltage dividing board, a fixing rod hole 24 formed 1n the
one resistive voltage dividing board will be referred to as a
first hole and a fixing rod hole 24 formed in the other
resistive voltage dividing boards will be referred to as a
second hole.

As 1llustrated 1n FIG. 22, a connection terminal 21
includes threaded portions 21a and 21c¢, and a cylindrical
insulating portion 215. The threaded portions 21aq and 21c¢
are connected through a rod-like conductive member, and
the rod-like conductive member 1s covered with the 1nsu-
lating portion 215. The rod-like conductive member and the
threaded portions 21a and 21c¢ are formed integrally with
one another, and the integrally-formed member extends
through the cylindrical nsulating portion 215. In this con-
figuration, the threaded portion 21a 1s located on the side of
one end of the msulating portion 215, and the threaded
portion 21¢ 1s located on the side of the other end of the
insulating portion 215. Because the threaded portions 21a
and 21c¢ are connected to each other through the rod-like
conductive member inside the insulating portion 215, the
threaded portions 21a and 21c¢ are electrically connected to
cach other.

The resistive voltage dividing boards 2A and 2B are
clectrically connected to each other through the connection
terminal 21. Similarly, the resistive voltage dividing boards
2B and 2C are electrically connected to each other through
a connection terminal 21, and the resistive voltage dividing
boards 2C and 2D are electrically connected to each other
through a connection terminal 21.

The length of the insulating portion 215 of the connection
terminal 21 can be changed to adjust the distance between
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the adjacent resistive voltage dividing boards 2A and 2B.
Similarly, the length of the insulating portion 215 of the
connection terminal 21 can be changed to adjust the distance
between the resistive voltage dividing boards 2B and 2C and
the distance between the resistive voltage dividing boards
2C and 2D.

In the case of the resistive voltage dividing boards 2A and
2B, the threaded portion 21a of the connection terminal 21
1s iserted through the through-hole 254 in the resistive
voltage dividing board 2A, and a cap nut 22 1s screwed onto
the threaded portion 21a from a direction opposite the
isertion side. Similarly, the threaded portion 21¢ of the
connection terminal 21 inserted through the through-hole
25a 1n the resistive voltage dividing board 2A 1s inserted
through the through-hole 25a 1n the resistive voltage divid-
ing board 2B, and a cap nut 22 1s screwed onto the threaded
portion 21¢ from a direction opposite the insertion side.

As a result, the connection terminal 21 and the resistive
voltage dividing board 2A are fixed to each other by the cap
nut 22, the connection terminal 21 and the resistive voltage
dividing board 2B are fixed to each other by the cap nut 22,
and the resistive voltage dividing boards 2A and 2B are fixed
to each other by the connection terminal 21. In this case, the
cap nut 22 and the through-hole 25q are in contact with each
other, thereby making electrical connection between the
adjacent resistive voltage dividing boards 2A and 2B.

For example, assume that the resistive voltage dividing
board 2A 1s one resistive voltage dividing board, and the
resistive voltage dividing board 2B 1s the other resistive
voltage dividing board. In this case, the cap nut 22 that fixes
the resistive voltage dividing board 2A and the connection
terminal 21 to each other 1s a first cap nut, and the cap nut
22 that fixes the resistive voltage dividing board 2B and the
connection terminal 21 to each other 1s a second cap nut.
Further, the through-hole 25q formed 1n the resistive voltage
dividing board 2A 1s a third hole, and the through-hole 25qa
tformed 1n the resistive voltage dividing board 2B 1s a fourth
hole. Furthermore, the threaded portion 21a screwed in the
through-hole 25a formed 1n the resistive voltage dividing
board 2A 1s a first threaded portion, and the threaded portion
21¢ screwed 1 the through-hole 254 formed 1n the resistive
voltage dividing board 2B 1s a second threaded portion.

The through-hole 25a i the resistive voltage dividing
board 2A and the through-hole 25a 1n the resistive voltage
dividing board 2B are used for connection between the
resistive voltage dividing boards 2A and 2B. The through-
hole 254 1n the resistive voltage dividing board 2B and the
through-hole 254 1n the resistive voltage dividing board 2C
are used for connection between the resistive voltage divid-
ing boards 2B and 2C. In addition, the through-hole 256 1n
the resistive voltage dividing board 2C and the through-hole
25b 1n the resistive voltage dividing board 2D are used for
connection between the resistive voltage dividing boards 2C
and 2D. For connection of the resistive voltage dividing
board 2A to a resistive voltage dividing board located on a
side opposite the resistive voltage dividing board 2B, the
through-hole 25¢ 1s used. In addition, for connection of the
resistive voltage dividing board 2D to a resistive voltage
dividing board located on a side opposite the resistive
voltage dividing board 2C, the through-hole 25¢ 1s used.

As described above, the connection terminals 21 are
positioned so as not to be close to each other between the
resistive voltage dividing boards 2A to 2D. Specifically, the
connection terminals 21 are arranged between the resistive
voltage dividing boards 2A to 2D 1n such a manner that the
coordinates 1n the X7 plane, of the connection terminal 21
that connects the resistive voltage dividing boards 2A and
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2B to each other, the coordinates 1n the XZ plane, of the
connection terminal 21 that connects the resistive voltage
dividing boards 2B and 2C to each other, and the coordinates
in the X7 plane, of the connection terminal 21 that connects
the resistive voltage dividing boards 2C and 2D to each other
are not the same as one another. For example, when a first
through-hole 25 (the through-hole 254 1n FIG. 21) 1s used
for connection of the front face side of the resistive voltage
dividing board 2B, a second through-hole 25 (the through-
hole 256 1n FI1G. 21) closest to the first through-hole 235 1s not
used for connection of the rear face side of the resistive
voltage dividing board 2B but a third through-hole 25 (the
through-hole 254 1n FIG. 21) on the opposite side 1n the
longitudinal direction 1s used instead of the second though-
hole.

In addition, when the third through-hole 25 (the through-
hole 254 1n FIG. 21) 1s used for connection of the front face
side of the resistive voltage dividing board 2C, a fourth
through-hole 23 (the through-hole 25¢ 1n FIG. 21) closest to
the third through-hole 25 1s not used for connection of the
rear face side of the resistive voltage dividing board 2C but
the first or second through-hole 235 on the opposite side 1n the
longitudinal direction 1s used instead of the fourth through-
hole. In this case, because the first through-hole 235 1s used
for connection of the front face side of the resistive voltage
dividing board 2B, the second through-hole 25 1s used for
connection of the rear face side of the resistive voltage
dividing board 2C.

As aresult, an insulation distance L1 between the cap nuts
22 of adjacent ones of the resistive voltage dividing boards
2A to 2D can be longer. In addition, an nsulation distance
between the cap nut 22 on the front face side and the cap nut
22 on the rear face side of each of the resistive voltage
dividing boards 2A to 2D can be longer.

As described above, 1n the fourth embodiment, the con-
nection terminals 21 are arranged between the resistive
voltage dividing boards 2A to 2D 1n such a manner that the
coordinates 1n the XZ plane, of the connection terminal 21
that connects the resistive voltage dividing boards 2A and
2B to each other, the coordinates 1n the XZ plane, of the
connection terminal 21 that connects the resistive voltage
dividing boards 2B and 2C to each other, and the coordinates
in the X7 plane, of the connection terminal 21 that connects

the resistive voltage dividing boards 2C and 2D to each other
are different from one another. This enables electrical con-
nection between the resistive voltage dividing boards 2A to
2D as well as securing the msulation distances between the
cap nuts 22.

The configurations presented in the above embodiments
are examples of the present invention, and can be combined
with other known technologies or can be partly omitted or
modified without departing from the scope of the present
invention.

REFERENCE SIGNS LIST

1 high-voltage source; 2A to 2D, 20A, 20B resistive
voltage dividing board; 3 voltage dividing device; 4 sensing
resistor; 5, 50 front face; 6, 60 rear face; 7 copper pattern;
10 clectrode; 11 connecting member; 135 insulating sheet; 17
via; 21 connection terminal; 21a, 21¢ threaded portion; 215
insulating portion; 22 cap nut; 23 fixing rod; 24 fixing rod
hole; 25, 25a to 25d through-hole; 40 first unit; 435 support-
ing member; 100 voltage detection system; a to € connection
point; C0 to C16 chip capacitor; R0 to R16 chip resistor.
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The 1invention claimed 1s:

1. A voltage dividing device for dividing a voltage output
from a voltage source, the voltage dividing device compris-
ng:

a plurality of resistive voltage dividing boards each being

a plate-like board having a first face, the board having
a plurality of conductor patterns arranged on the first
face, the conductor patterns being connected 1n series
with one another through capacitors and resistors con-
nected 1n parallel on the first face, wherein

adjacent ones of the resistive voltage dividing boards are
connected 1n series with each other through a conduc-
tive member, the adjacent resistive voltage dividing
boards including one resistive voltage dividing board
having a first face and a second face located rearwardly
of the first face, and

the adjacent resistive voltage dividing boards are arranged
such that the second face of the one resistive voltage
dividing board and a first face of the other of the
adjacent resistive voltage dividing boards face each
other, and that the conductor patterns arranged on the
first face of the one resistive voltage dividing board are
disposed oppositely from the conductor patterns
arranged on the first face of the other resistive voltage
dividing board with the one resistive voltage dividing
board disposed therebetween.

2. The voltage dividing device according to claim 1,
wherein

the adjacent resistive voltage dividing boards are arranged
in parallel to each other such that the second face of the
one resistive voltage dividing board and the first face of
the other resistive voltage dividing board face each
other.

3. The voltage dividing device according to claim 1,
wherein

the resistive voltage dividing boards are arranged at equal
distances each of which 1s defined between the second
face of the one of the adjacent resistive voltage dividing
boards and the first face of the other of the adjacent
resistive voltage dividing boards.

4. The voltage dividing device according to claim 1,
wherein

the resistive voltage dividing boards each have the first
face having a rectangular shape, and the resistive
voltage dividing boards stand 1n juxtaposition such that
longitudinally extending side faces of the resistive
voltage dividing boards are disposed in a horizontal
orientation.

5. The voltage dividing device according to claim 1,
wherein

the resistive voltage dividing boards are stacked in layers
in a direction parallel to a vertical direction.

6. The voltage dividing device according to claim 1,
wherein

an atmosphere environment under which the resistive
voltage dividing boards are arranged 1s filled with dry
a1r, nitrogen, hydrogen, or sulfur hexatluoride.

7. The voltage dividing device according to claim 1,
wherein

the resistive voltage dividing boards are single-sided
boards each having a first face and a second face, the
conductor patterns being arranged on the first face, no
conductor patterns being arranged on the second face.
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8. The voltage dividing device according to claim 1,
wherein

the resistive voltage dividing boards are double-sided
boards each having a first face and a second face, the
conductor patterns being arranged on the first face and
the second face, and

the conductor patterns arranged on the first face of the
board are connected through wvias to the conductor
patterns arranged on the second face of the board.

9. The voltage dividing device according to claim 8,

wherein

the conductor patterns arranged on the first face of the
board and the conductor patterns arranged on the
second face of the board have the same shapes and the
same sizes, and are arranged oppositely from each
other.

10. The voltage dividing device according to claim 8,

wherein

an 1msulating sheet 1s disposed between the second face of
the one resistive voltage dividing board and the first
face of the other resistive voltage dividing board such
that the msulating sheet 1s 1n contact with the second
face of the one resistive voltage dividing board and the
first face of the other resistive voltage dividing board
and faces the second face of the one resistive voltage
dividing board and the first face of the other resistive
voltage dividing board.

11. The voltage dividing device according to claim 1,

wherein

the conductor patterns that are closest to corners of the
resistive voltage dividing boards among the conductor
patterns have corners rounded ofl.

12. The voltage dividing device according to claim 1,
further comprising:

a connection terminal to electrically connect the one
resistive voltage dividing board to the other resistive
voltage dividing board;

a first cap nut to fix the one resistive voltage dividing
board and the connection terminal to each other;

a second cap nut to fix the other resistive voltage dividing
board and the connection terminal to each other; and

a fixing rod extending through a first hole formed 1n the
one resistive voltage dividing board and a second hole
formed 1n the other resistive voltage dividing board to
mechanically fix the one resistive voltage dividing
board and the other resistive voltage dividing board to
each other, wherein

the connection terminal 1includes a first threaded portion
extending through a third hole formed in the one
resistive voltage dividing board, and a second threaded
portion extending through a fourth hole formed 1n the
other resistive voltage dividing board,

the first cap nut 1s screwed onto the first threaded portion
extending through the third hole, and

the second cap nut 1s screwed onto the second threaded
portion extending through the fourth hole.

13. The voltage dividing device according to claim 1,

wherein

the capacitors and the resistors connected 1n parallel are
connected 1n series throughout the resistive voltage
dividing boards.

14. A voltage dividing device for dividing a voltage output
from a voltage source, the voltage dividing device compris-
ng:

a plurality of resistive voltage dividing boards each being

a plate-like board having a first face, the board having
a plurality of conductor patterns arranged on the first
face, the conductor patterns being connected in series
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with one another through capacitors and resistors con-
nected 1n parallel on the first face, wherein
the resistive voltage dividing boards are connected 1n
series with one another through conductive members,
adjacent ones of the resistive voltage dividing boards
including one resistive voltage dividing board having a
first face and a second face located rearwardly of the
first face,
the adjacent resistive voltage dividing boards are arranged
such that the second face of the one resistive voltage
dividing board and a first face of the other of the
adjacent resistive voltage dividing boards face each
other, and that the conductor patterns arranged on the
first face of the one resistive voltage dividing board are
disposed oppositely from the conductor patterns
arranged on the first face of the other resistive voltage
dividing board with the one resistive voltage dividing
board disposed therebetween, and
an atmosphere environment under which the resistive
voltage dividing boards are arranged 1s filled with dry
air, nitrogen, hydrogen, or sulfur hexatluoride.
15. The voltage dividing device according to claim 14,
wherein
the adjacent resistive voltage dividing boards are arranged
in parallel to each other such that the second face of the
one resistive voltage dividing board and the first face of
the other resistive voltage dividing board face each
other.
16. The voltage dividing device according to claim 14,
wherein
the resistive voltage dividing boards are arranged at equal
distances each of which 1s defined between the second
face of the one of the adjacent resistive voltage dividing
boards and the first face of the other of the adjacent
resistive voltage dividing boards.
17. The voltage dividing device according to claim 14,
wherein
the resistive voltage dividing boards each have the first
face having a rectangular shape, and the resistive
voltage dividing boards stand 1n juxtaposition such that
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longitudinally extending side faces of the resistive
voltage dividing boards are disposed in a horizontal
orientation.

18. The voltage dividing device according to claim 14,
wherein

the resistive voltage dividing boards are stacked 1n layers
in a direction parallel to a vertical direction.

19. The voltage dividing device according to claim 14,
further comprising:

a connection terminal to electrically connect the one
resistive voltage dividing board to the other resistive
voltage dividing board;

a first cap nut to fix the one resistive voltage dividing
board and the connection terminal to each other;

a second cap nut to fix the other resistive voltage dividing
board and the connection terminal to each other; and

a fixing rod extending through a first hole formed in the
one resistive voltage dividing board and a second hole
formed 1n the other resistive voltage dividing board to
mechanically fix the one resistive voltage dividing
board and the other resistive voltage dividing board to
each other, wherein

the connection terminal includes a first threaded portion
extending through a third hole formed in the one
resistive voltage dividing board, and a second threaded
portion extending through a fourth hole formed 1n the
other resistive voltage dividing board,

the first cap nut 1s screwed onto the first threaded portion
extending through the third hole, and

the second cap nut 1s screwed onto the second threaded
portion extending through the fourth hole.

20. The voltage dividing device according to claim 14,
wherein

the capacitors and the resistors connected 1n parallel are
connected 1n series throughout the resistive voltage
dividing boards.
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